Introduction
Malaysia and Indonesia are the most important oil palm growing countries in the world with large planted areas. The Malaysian Palm Oil Board (MPOB 2010) stated that there are 4.85 million ha of oil palm plantation in Malaysia in 2010. This resource has increased as an annual rate of 250,000 ha from 2009. Initially, oil palm trees were planted for oil production, which is used for cooking oil and many other derivatives. However, oil contributes to only 10% of the total biomass produced by an oil palm tree. The remainder biomass consists of nonwood lignocellulosic materials such as fronds, stems, and empty fruit bunch (EFB). Anis et al. (2007) estimated this biomass as 13.9 million tonnes based on dry weight of raw material including stems, fronds, and empty fruit bunches produced annually in Malaysia. As it is difficult to harvest fruits from a tree grown too tall, oil palm trees are usually replanted every 25 years even though they can still produce fruits with high yield (Tomimura 1992 , Bakar et al. 2008 . During replanting, the bole length of a felled palm trunk is in the range of 7 mÁ13 m, with a diameter of 60 cm measured at breast height, and its moisture content (MC) can be up to more than 500% as stated by Bakar et al. (2008) . The density of the oil palm stems would be in the range of 0.24Á0.53 g/cm 3 . Due to the high MC and density variations along the longitudinal and transverse direction of the tree, drying and treatment processes of the stem may result in certain difficulties of the wood Gan 2005, Balfas 2008 ). The oil palm wood is susceptible to various defects during the drying process such as collapse, cupping, internal checks, and wavy formations. Density plays an important role in determining the drying method. It is advisable to separate the wood according to density or MC before drying to avoid excessive drying defects. In addition, oil palm wood is very hygroscopic and is less dimensionally stable in comparison with commercial timber. Untreated wood can absorb approximately 5% of their initial weight of water within 5 minutes as a result of soaking. In the case of commercial species such as Balau, Mangium and Teak, it may take up to 4 hours of soaking to absorb such amount of water (Malik and Balfas 2002) . It is well-known fact that wood with higher density absorbs less resin than that of wood with lower density due to having more porous structure (Lim and Khoo 1986) . Loh et al. (2010) successfully treated oil palm veneers with low molecular weight phenol formaldehyde resin having within the range of 20Á40% resin uptakes resulted in an increase of both strength and stiffness of the three-ply palm plywood.
Besides having a high MC and a wide range of density, the oil palm also has the highest extractives content among monocotyledon plants such as bamboo, banana, or other species (Darmawan et al. 2006 , Sarmin 2009 ). The amount of extractives in oil palm stem ranges from 5.5 to 15.0% in an alcohol solvent (Abdul Khalil et al. 2008) . Extractives are the compounds present in trees that can be solubilized by various solvents such as water, acetone, and benzene. Typically, extractives have a large number of various organic and inorganic compounds. Extractives in wood species contain different compounds such as terpenes, waxes, and fatty acid. They account for between 1 and 20% of the oven dry weight of wood (Singleton et al. 2003) .
Some of general functions of wood extractives would be considered as a defense mechanism against bacteria, fungi, and termites. In addition to their color and odor, accent the grain pattern and enhance strength properties of wood are also their functions (Macrae and Towers 1984) . Ari (2005) states that waxes and fats can be an energy source of the biological functions in wood cells while resin compounds protect the wood against insects attack. The most important effect of extractives on finishing is the discoloration, paint films, and retarding the hardening of coatings. A desirable relationship between wettability and permeability of wood is affected by amount of extractives, resulting in reduction of the gluebond strength and overall performance of the material (Hse and Kuo 1988) .
The basic properties of oil palm wood such as MC, density, and extractives, are important factors influencing the properties of the wood including porosity, treatment, and the drying process. There were many studies worked on enhancement of properties in oil palm stem products such as Bakar et al. (2007) , Balfas (2008) and Loh et al. (2010) . However, previous studies done by Ali and Halim (1991) and Rahayu (2001) on general amount of extractives in oil palm did not investigate their distribution within the stem. Therefore, the objective of this study was to obtain data on the distribution patterns of MC, density, and extractives content in 32-year-old oil palm stems. The results of this work would provide significant information for further manufacturing steps particularly for drying, treatment, and chemical modification of oil palm stems.
Materials and methods
Stems from three, 32-year-old oil palm tree, were harvested at Taman Pertanian Universiti (TPU), Universiti Putra Malaysia (UPM). The trees were felled by an excavator and discs were taken at 1, 4, and 7 meters from the ground level and labeled as bottom, middle, and top portions, respectively. The discs were then transported to the laboratory, and they were kept in the cold room until preparation of the test samples. Figure 1 shows the preparation of samples from an oil palm stem.
MC and density of the samples
Billets with 10 cm in length from each portion were cut along the radial direction into 2)2 )2 cm dimensions. The samples were then weighed, and their dimensions were measured before and after being dried in an oven at temperature of 10392 8C for 24 hours. 
Extraction process
The determination of extractive content was based on the Technical Association of the Pulp and Paper Industry (TAPPI) standard 1999. The solubility of the oil palm stems was determined according to TAPPI T-280 (Anon 1999a) for solvent (acetone) extraction and TAPPI T-207 (Anon 1999b) for cold and hot water extractions. Two grams of samples was ground to sawdust with particle size of 40 mesh before they were deposited in a Soxhlet extracted with 150 ml of acetone for 5 hours. The reason acetone was used in this study is that it is inert, stable, and not harmful. It not only provides a complete extraction of wood resin components, but it also extracts some other chemicals such as various salts, phenolic compounds, and sugars (Ari 2005) . Another 2 g of sawdust samples was separately used in both cold and hot water extraction. For cold water, the samples were left under a constant stirring for 48 hours before the solution was transferred to a filtering crucible. Samples for hot water extraction were digested for 3 hours before being transferred to a filtering crucible.
Statistical analysis
Analysis of variance (ANOVA) was performed to determine whether the yield of extraction at different portions and sections in each solvent were significantly different from each other. About 81 and 108 samples were analyzed for acetone extractives and water solubility, respectively. Significant differences between parameters were further analyzed by the Least Significant Difference (LSD) test. All statistics were computed using a Statistical Analysis System (SAS) software.
Results and discussion

MC and density of the samples
Effect of tree height as bottom, middle, and top portions as well as samples taken from three sections, namely outer, center, inner on their MC and density are displayed in the terms of ANOVA in Table I . The analysis shows that there was a significant (p 50.01) interaction between samples taken from different height and sections as function of density. However, no effect of such parameter was found as far as MC is concerned. The ANOVA also revealed that both height and section had statistical significant (p 50.01) influence on MC. Figure 2 shows the distribution of MC upwards from bottom to top portion and inwards from outer to center of oil palm stem. It is clear that, the MC of the samples increased from the bottom with a value of 161.4 to 208.3% for the samples taken from the middle. However, MC of the samples taken from the top portion decreased slightly to 169.7%. This finding is supported by previous work which stated that the top portion of the oil palm stem needs a relatively higher pressure to absorb the liquid upwards because of the influence of gravity thus less water was able to reach the top (Bakar et al. 2007) . The results also indicate that the MC decreased from the center to the outer section of the tree stem regardless of the tree height. The center section consistently gave the highest MC with an average value of 240.7%. In general, the MC found in this study ranged from 88.1 to 262.7%.
The MC of the oil palm stems determined in this study was found to be relatively lower compared with that reported by Bakar et al. (2008) who found that the MC of oil palm wood can be up to 500%. Shirley (2002) also found that the MC of oil palm trees declined as their age increased. It was reported that stem of a 14-year-old oil palm tree had greater MC compared with a 25-year-old tree with a range between 421 and 839% and 82 and 458%, respectively, as shown in Table II . Ground topography is also a parameter affecting the amount of MC in the oil palm stems. Those trees planted in a valley area normally have higher MC than those of on upper land.
On the basis of result of a past study, MC of oil palm stems decreased with increased tree age as displayed in Table II (Shirley 2002) . The MC decreased gradually according to age. The MC of the top-outer portion of a 14-year-old tree in comparison with 25-and 32-year-old trees decreased, respectively, 222.9% and 397.5%. This trend was similar in the other portions of the tree, and it also supports the findings obtained in this study.
The MC variation of the samples can also be possibly explained by the relative amounts of vascular bundles and parenchyma in the oil palm stem. The latter is known to retain more moisture than the former. This is in agreement with a previous study by Physical properties for oil palm 3 Anwar et al. (2004) who found that the variation in MC in the culm wall of bamboo is very much related to the distribution of vascular bundles. Liese (1980) added that the higher content of parenchyma cells in the center zones increased the water holding capacity of bamboo. The density of woody material refers to its mass weight per unit volume. It has a complex characteristic because wood tissue is made up of different types of cells with varying properties such as cell wall diameter, wall thickness and length as mentioned by Githiomi and Kariuki (2010) . The distribution of density in longitudinal and transverse section of oil palm tree is presented in Figure 3 . The density of the oil palm stems decreased linearly with stem height and also decreased towards the center section of the stems which is inverse to the trend found for MC mentioned above. The density of oil palm stem found in this study ranged from 0.29 to 0.61 g/cm 3 . Due to its monocotyledonous nature, there was a significant variation of density values at different portions and sections of the oil palm stem (Shirley 2002) . It was found in the same study that the variation in density along the stem height was due to the vascular bundles being younger at the top portion.
Even though the top portion has a higher number vascular bundles per square centimetre, the size of vascular bundles are smaller and the cell wall are thinner (Shirley 2002) . Meanwhile, across the radial direction, the outer sections throughout the stem show that the density values were about twice than those at the center sections. This variation was due to the decreasing number of vascular bundles per square unit towards the center section. In addition, the density of wood is related to the number and thickening of vascular bundles (Haslett 1990 ). The outer section is dominated by the vascular bundles with an approximate value of 51% which are high in density, while the center zone is dominated by 70% of the parenchyma tissues which are low in density (Bakar et al. 2008) . They also determined that the cell walls of the parenchyma tissues at the outer zones of the stem were thicker than those at the inner and center. These two reasons make oil palm wood from the outer sections to have a higher density compared with that from the center sections.
In order to examine the relationship between MC and density, the exponential regression analysis is presented in Figure 4 . The exponential regression line indicates a strong linear relationship between MC and density of 32Áyear-old oil palm stems. Figure 4 illustrates that there was a good correlation between MC and density of the oil palm stems. This is also supported by Choo et al. (2011) who stated there was a decrease in density and an increase in MC in the veneers of oil palm stem as they were peeled progressively towards the center portion of the stem.
The predictive equation to relate the MC was found to be significant with a coefficient of determination with R 2 value of 0.91. The exponential correlation between the MC and density can be illustrated as follows:
(1) where X 0density, g/cm 3 ; Y 0 moisture content, %
Extractives content of the samples
The extraction process was carried out to obtain the yield of extractives dissolved in each of the solvents.
The yield recorded was analyzed and the summary of the ANOVA for the yield of extractives in oil palm stems is given in Table III. From Table III , it can be observed that there were significant differences in extractive yields using acetone in terms of stem height, sections, and the interaction between these two parameters. For cold water, extractive yield is significantly different in the section and the interaction between height and section. Lastly, for hot water, significant difference was found in the extractive yield in both height and section. The LSD test was used to examine the significance between extractive yields in the height and section.
Acetone extractives
The amount and distribution of extractives in the oil palm wood were dependent on the sections and height of the stem as illustrated in Figure 5 . Extractives that were soluble in acetone along the stem height were lower at the bottom with an average of 3.3% compared with the top (3.4%) and middle portions (4.04%). Comparing between the sections, the amount of extractives at the center sections was much higher than the outer sections with an average value of 3.2% and 4.1%, respectively. The middle and center sections showed greater extractives content as compared to other portions in Physical properties for oil palm 5 the oil palm stem. This might be due to the bottom and outer sections composed of a high amount of vascular bundles compared with that of the middle and center sections having a higher portion of parenchyma cells. This result is in agreement with past work concluded that extractives were found largely in the parenchyma but can also be found in the vessels and fibers (Hillis 1971) . Findings from Rahayu's (2001) study also support that the top portions of oil palm stems had a higher amount of extractives in alcohol compared that of with the bottom portions. In contrast, an investigation of oil palm trees by Ali and Halim (1991) used three different types of alcohol and yielded different values of extractives in oil palm wood. They found that the yield of extractives declined from the bottom towards the upper part of the trees.
Water-soluble extractives (cold and hot water extractives) Figure 6 shows the values of extractives dissolved in cold water. The extractives dissolved increased from the outer towards the center sections, and the values ranged from 9.2 to 29.3%. Meanwhile, along the height, the amount of extractives increased from bottom to middle and slightly decreased towards the top portion. According to the TAPPI (1999b) standard, cold water removes a part of extraneous components in wood such as inorganic compounds, tannins, gums, sugars and coloring compounds while hot water removes starch.
Interestingly, a similar trend was obtained for hot water where the total amounts of extractives were found to be greatest in the center compared with the outer sections illustrated in Figure 7 . The amount of extractives was also found to increase along the height. This may be due to the presence of starch and sugar which dissolved in water. This is supported by Rahayu (2001) who found that water solubility varied along the radius and the height of the oil palm stem, and the highest yields were discovered at portions that are rich in parenchyma. As food storage elements, parenchyma tissues contain large amount of sugar and starch. Henson et al. (1999) also states that along the height towards the top portion of oil palm stem, there was an increase in the amount of starch and sugar.
Moreover, Shirley (2002) and Hashim et al. (2011) also found the same incremental trend of starch in oil palm stems. The presence of large quantities of soluble sugars is compatible with its anatomy where the center section contains a substantial volume of living parenchymatous tissues in which scattered vascular and fibrous bundles are embedded (Lim and Khoo 1986) .
In general, the solubility values of oil palm stems were found to increase in the order of acetone, cold water, and hot water. Similar findings were also found in a previous research done by Kilic and Niemz (2010) where they conducted a study of extractives in Afzelia which is a tropical hardwood and found a similar increasing trend from acetone, cold water, and hot water which were 2.9%, 4.2%, and 10.2%, respectively.
To relate the yield of extractives with the density of oil palm stem, a linear regression was constructed. A low correlation coefficient value resulted (R2) for each type of solvent. Cold water had the lowest R2 value of 0.03, followed by acetone solvent of 0.07, and the highest R2 value of 0.39 was for hot water solubility. Consequently, it can be concluded that there was no relationship between density and extractives yield in oil palm stems.
Several researchers have reported a number of factors that influence density variations in timber such as extractives and lignin content. Brown et al. (1952) cited in Antwi-Boasisko and Pitman (2009) recognized that extractives contribute important to influence wood density by making up a large portion of the weight of heartwood in the wood. It is therefore clear that extractives influence wood density and contribute to the role density plays in many timber characteristics such as durability.
For a clearer view of the distribution of extractives in oil palm stems, Figure 8 shows the mapping of the extractives content for oil palm stems in each solvent. It is obvious that the area that has the highest extractive content is the middle-center, whereas the lowest is at the bottom-outer for all three solvents.
Further investigations confirmed that the yield of extractives was discovered to be higher in parenchyma cells compared with vascular bundles. The data collected are shown in Figure 9 . Yield from parenchyma cells showed a greater amount of extractives (210Á341% higher) compared with that of vascular bundles. As stated by Holmbom (1993) , fine parenchyma contains more extractives than long fiber fractions. On the basis of previous study by Bakar et al. (2008) , 70% of the oil palm stem comprises parenchyma while the other 30% are vascular bundles. Thus the abundant amount of parenchyma cells may contribute to the higher extractives in the stem as discussed above.
Conclusion
On the basis of result of this work, a good relationship (R 2 00.91) between the MC and density of the oil palm stem was determined. An increment in density resulted in a decrement in MC of the samples. Extractives contents were found as highest at the Physical properties for oil palm 7 middle and center sections, meanwhile the bottom and outer sections had the lowest extractives content. The extractives content of the specimens were found to be higher at the transverse sections having abundant parenchyma cells. It is important to investigate the major component of extractives yield from the different extraction processes of oil palm stem as different solvents would dissolve different compounds. Hence, a further study to determine the extractives compound of oil palm stem and their relationship to porosity and permeability needs to be carried out to have a better understanding of this concept. 
